Aeromonas salmonicida, the causative agent of furunculosis, infects many species of fish.1-5) The disease occurs particularly in cultured whitespotted char Salvelinus leucomaenis, coho salmon oncorhynchus kisutch and rainbow trout O. mykiss in Japan.
Damage caused by the disease on white-spotted char and coho salmon is more severe than that on rainbow trout due to the different sensitivity of those fish to A. salmonicida. [6] [7] [8] At present, the disease has been only controlled by chemotherapy. A vaccine against the disease is desirable because strains of A. salmonicida exhibit plasmid-mediated drug resistance. 9) In order to produce an effective vaccine for the disease, fish immune responses against formalin-killed cells,10,11) endotoxin12) and extracellular products (ECP) 13, 14) Both outer wells; antisera at 0 (1, 2), 6 (3, 4) and 12 (5, 6) weeks after first immunization, of which char immunized three times at four week intervals.
Center well; Aeromonas salmonicida extracellular products (E) or purified salmolysin (S). Fig. 3 . Comparison of immunodiffusion analysis between white-spotted char antisera and rabbit antisera against Aeromonas salmonicida extracellular products. Outer wells; char antisera (1, 3, 5) and rabbit antisera (2, 4, 6).
Center well; extracellular products.
Results
In some white-spotted char immunitzed with A. salmonicida ECP-FCA emulsion, swelling was observed at injection site, but no mortality was found throughout the experimental period. Serum agglutinating antibody titers to ECP were raised in char which were immunized two or three times with ECP-FCA emulsion at four week intervals (Fig. 1) , whereas anti-A. salmonicida ECP agglutinin titers were detectable in control fish sera. Primary antibody production was initiated within two weeks after the first antigen injection. At between 10 and 12 weeks after injection, agglutinin titers of char immunized three times were higher than that of char immunized two times. In the antisera of char immunized two times, maximum antibody titer was reached at 8 weeks.
Precipitating antibody was also detected by immunodiffusion analysis, only a single precipitating line was observed when the immunized char sera reacted to ECP or purified salmolysin (Fig.  2) . The activity was initiated within the first two weeks after injection. In the sera of char immunized three or two times, the activity tended to increase until 12 or 10 weeks after immunization, respectively (Tables 1 and 2 ). Precipitating antibody activity to ECP was undetectable in control fish sera. Immunoprecipitate patterns in rabbits and char anti-ECP sera are shown in Fig. 3 . Precipitating antibodies to 7 ECP components were detected an rabbit anti-ECP sera, while the precipitating antibody to one ECP component was detected in char anti-ECP sera as mentioned above.
PAGE of char serum resulted in the bands shown in Fig. 4 . Twenty-two components in char sera were detected.
The banding patterns of serum from immunized fish proved no distinction from those of the non-immunized controls, following injection with ECP, the concentrations of components did not change until 12 weeks after immunization. After gel filtration of whole char anti-ECP sera on Sepharose 6B, three protein peaks were revealed (Fig. 6) 
